I. INTRODUCTION
The propagation channel is one of the most critical components of mobile communication systems, what makes necessary its detailed analysis for the successful coverage of many different areas [1] [2] [3] [4] .
The channel under consideration at this work consists on the air interface of a terrestrial mobile system in operation at Marituba, Pará, which is characterized by the occurrence of narrow streets and densely foliaged coverage of native origin, as illustrated in Fig1.
Such interface was modelled considering the conventional empiric formulation, adjusted by a Minimum Mean Square Error (MMSE) algorithm to fit the data obtained from a field measurement campaign for the forward link. This adjusted model was used for the estimation of the power received by the mobile stations at one of the measurement routes and the corresponding errors were used to train an Artificial Neural Network (ANN) [5] , in order to estimate the errors in other instances.
Afterwards, a hybrid model was created considering the predictions of the conventional adjusted model, corrected by the errors estimations found by the ANN.
The BER estimation was performed with the assumption that the modelled and measured downlink propagation path losses also hold to the uplink, so that they were used to predict the signal to noise ratio at the Base Station Receiver.
Then, it was estimated the BER for the Base Station receiver of a DS-Spreading Spectrum System, with the assumption that the downlink path-loss was the same of the uplink. In such simulation, the values of the BER were calculated for the predictions of the received power made by the models and the actually measured path-loss. To evaluate the precision of the BER predicted by the models, these were compared to that obtained with data from different transmission heights.
II. FIELD MEASUREMENTS
The experimental data was taken at the streets of the covered area, with the transmission antenna fixed at the Base Station tower of the Mobile System that is in operation in Marituba-PA, at the different heights of 70m and 44m. It should be emphasized that the average height of the trees found in Marituba-PA is of 15m, which is lower than the height of transmission.
The gain of the transmitting antenna was 2dBi with omnidirectional radiating diagram, while the transmission power was 22dBm in CW mode, at the frequency of 890.43 MHz. The receiving antenna had a gain of 3dBi, omnidirectional radiating diagram and was mounted on a vehicle that run through the streets carrying out the measurements. For data acquisition and storing, it was used a test receiver lent by the company that operates the System, which had Global Positioning System (GPS) and data treatment software. ( )
For the Law of Power, / is the known path loss at the reference distance G , measured in dB, as ( )
the path loss at the distance G , and γ is the path loss exponent.
( )
Nevertheless, this expression models only the deterministic component of the power of the received signal, because it doesn't consider the random shadowing effects caused by different levels of clutter in the propagation path. So, it's usual to add a random variable [6] to the model, from which results:
where σ ; is a random variable with variance 2 σ and mean
[.
So, to estimate the deterministic component of the received power, expression (3), a function of the general form expressed in (5), was adjusted to fit the data collected with the transmitting antenna fixed at the 70m height.
The method used for this procedure was the MMSE, which lead to:
, and
that represent the conventional adjusted model and γ = 3.52 corresponds to the path loss exponent of the channel. Despite of the adjustment, the conventional model still presented errors in the prediction of the received power due to the random shadowing effects. These errors were used to train a ANN with the aim of estimating the errors of the conventional model to other different routes of the coverage area.
The adjustment and training were carried out with one third of the data obtained with the transmitter at 70m height and the tests were performed with those data that weren't used during the training and adjustment, for transmissions at 70m and 44m height.
In this way, the hybrid model can be viewed as represented by Fig 2 and its prediction of the received power is given by The used ANN had a Multi Layer Perceptron architecture [7] , with three layers, trained with a backpropagation algorithm, both created in the Neural Network Toolbox of the applicative Matlab 6.5 [7] .
The combined use of the adjustment and the ANN made it possible to improve the accuracy of the predictions of the conventional model, as it was shown by the results achieved. Figures 3 to 5 show the results of the training and test of the models for the different transmission heights. 
IV. ADJUSTMENT AND TRAINING OF THE MODELS

V. BER ESTIMATION FOR DS-SS SYSTEMS
This simulation was carried out with the assumption that the prediction of the models and the measured propagation path loss would also be valid for the uplink. Also, the channel was considered as being only slow flat fading and the detection accomplished in the receiver is supposed to be coherent.
The considered DS-SS System has K multiple users per channel and each one has a PN sequence with N chips per message bit period 7 , such that 7 17 = , where 7 is the chip period.
Assuming that the system performs perfect power control and that the multiple access interference may be approximated by a Gaussian distribution [1] , the bit error rate for the user of interest is given by 
Equation (11) gives the prediction of the received power, in mW, for the adjusted and hybrid models with prediction ) mod (G 3 in dB, as a function of the power transmitted by the mobile station 3W (user of interest) and the distance of this user from the Base Station. Note that 22dBm is the power transmitted when the measurements were taken. 
VI. RESULTS
The tests of the models were carried out with data different from those used for adjustment and training, showing reasonable accuracy of the hybrid model even when the adjusted model failed, for both receptions at 70m and 44m Also, Table I summarizes the results found for the errors of the models, for the forward channel, where the values of the mean errors, standard deviation and quadratic mean errors are shown. These errors lead to different predictions for the BER of the System, a useful figure of merit for digital systems.
VII. CONCLUSION
The analysis of the results suggests the validity of the method as long as the assumptions hold, since the receiver antenna is fixed above the mean height of the trees, range in which the Base Stations of cellular systems usually are.
It should also be emphasized that the use of an ANN demanded the accomplishment of field measurements so that the net could be trained and its synaptic link weights adjusted in order to make it useful to extrapolations and predictions.
So, it can be said that the use of artificial neural networks consists of an efficient alternative for channel modelling and BER estimation for DS-SS systems at suburban areas in the Amazon region, not forgetting to consider the limits imposed by the height of the Base Station and the simplicity of the conventional model used.
